The scissors mode, a magnetic dipole excitation-mainly orbital is usually discussed in terms of a transition from a I = 0 + ground state to a I = 1 + excited state. This is understandable because it follows from the way the experiment is performed-e.g. inelastic electron scattering. Here however, we start with the excited 1 + state and consider all possible transitions to I = 0 + ,1 + and 2 + states with final isospins. There is a larger transition to the 0 + 2 state than to ground. This has a much richer structure.We note that the "sum of sums" is independent of the interaction.
Introduction
In a collective picture the scissors mode is an orbital magnetic dipole excitation, in which the deformed proton symmetry axis vibrates against the corresponding axis of the neutrons. Some early discussions of this mode are contained by Richter's group, Bohle et al. [1, 2] as well as LoIudice and Palumbo [3] , Suzuki and Rowe [4] , Iachello [5] , Dieperink [6] and Lipparini and Stringari [7] . A shell model approach was proposed by Zamick [8] and Poves, Retamosa and Moya de Guerra [9] . There has been continued interest in this topic as can be seen by the review article by K. Heyde et al. [10] . More recently, there has been work on M1 excitations by J. Beller et al. [11] in which the initial state has I = 1 + . This is of great relevance to the theme of the present work. There has been considerable work on J max pairing by Zhao and Arima [12] , Cederwall [13] , Xu et al. [14] , Fu et al. [15] Zamick and Escuderos [16] , Hertz-Kintish and Zamick [17] .
In all the experiments which are mainly inelastic electron scattering, one starts with the J = 0 + ground state and considers excitations to I = 1 + states. The supporting calculations follow suit. However, since there are no practical constraints for theory, we will here start with the I = 1 + scissors mode state and follow the various branches to which it can connect. Now we can go not only from I = 1 + to I = 0 + but also I = 1 + to I = 2 + which gives a much richer spectrum. This work can be regarded as an extension of previous work by the authors [18] . In that work the main focus was on selection rules with a J = 0 T = 1 pairing interaction i.e. why certain B(M1)'s vanish. In this work we will make quantitative comparisons of the non-vanishing strengths with different interactions.
B(M1) Results for Various Interactions
We present results in Tables II through XXII, which are 44 Ti I = 1 to 0, 44 Ti I = 1 to 2, 46 Ti I = 1 to 0, and 46 Ti I = 1 to 2. As well as, 44 Ti I = 1 to 1 , 46 Ti I = 1 to 1. There are four interactions used-J=0 T =1 Pairing, Q.Q, MBZE [1] and J max T =0 pairing. These are represented by 8 numbers (7 independent), corresponding to two nucleons coupled to J=0 to J=7. Here they are: In some cases, in order to remove degeneracies with schematic interactions we add -1.00 MeV to all the odd J, T =0 matrix elements. If we did not do this, then states of different isospins would be degenerate and arbitrary mixtures of these states would appear in the computer output. This trick pushes up states of higher isopin to higher energies, but leaves the energies of lower isospin unchanged. We call these new energies shifted. These higher isospin states in 44 Ti are indicated with a star ( * ) for T=1 and two stars ( * * ) for T=2. Similarly, higher isospin states for 46 Ti are given one star ( * ) for T=2 and two stars ( * * ) for T=3. We give the seniority, isospin, and reduced isospin for the pairing interactions so we do not use the star notation for labeling the states. We also present the results in various figures. All B(M1)'s are in units of (µ N ) 2 . We here repeat the expressions for the B(M1)'s given by Harper and Zamick [12] B(M 1) = 3 4π
Here
For the case I f is not equal to I i we find:
Selection Rules for the Pairing Interaction
In a previous work we commented on selection rules for vanishing B(M1)'s with a J=0 T=1 pairing interaction. The basis states were written (v, T, t)-seniority, isospin and reduced isospin. We briefly repeat the selection rules here and refer to tables II,III,IV, and V. For the J = 0 T = 1 pairing interaction we previously found the following: a. Transitions with ∆T =2 or more are forbidden. b. For N=Z nuclei T =1 to T =1 M1 transitions are zero. c. ∆v=4 M1 transitions are forbidden.
d. Transitions in which both v and t change are forbidden.
Here we discuss case d in more detail than we did in ref 9 . In say, 46 Ti we break the six nucleons into three pairs. We cannot have an M1 transition involving only a pair of identical particles-we must consider a neutron-proton pair. The only way to change seniority is to create or destroy a J=0 T =1 pair. The reduced isospin excludes J=0 T =1 pairs. If the M1 operator acts on a J=0 T =1 pair it creates a J=1 T =0 pair. Since this new pair has T =0 it will not change the reduced isospin. Alternately, if we act on a J=1 T =0 pair we note that because it has T =0, it does not contribute to the reduced isospin. The M1 operator will change this to a J=0 T =1 pair and such pairs are excluded from the reduced isospin set. Hence, if we change seniority we cannot change the reduced isospin. These arguments of course also explain c, why v cannot change by more than two units. In tables IV and V, we show using the J=0 pairing interaction, 4 Selection Rules for the Q.Q and J max T=0 Interactions.
We find also some vanishing B(M1)'s when the quadrupole-quadrupole interaction Q.Q is employed. Some are not surprising like the T =1 to T =1 transitions in N=Z 44 Ti shown in Table VII . Likewise, the ∆T =2 transitions in Table IX Ti are hard to explain and we will not attempt to do so here. The vanishings are from the lowest 0 + state to two T =1 states and one T =2 state. But we have non-vanishings to other T =1 and T =2 states, so there is no simple connection with isospin. Also, what is special about the lowest 0 + state with T =1 from the other 0 + T =1 states in the lower rows?? There are no vanishings for the latter states except of course in the bottom row where we have the ∆T =2 selection rule . That is to say the 0 6 state has T =3 and will not connect to I=1 + T =1 states. There are other peculiarities with the Q.Q interaction. As noted in [18] , in 44 Ti there is a degenerate pair of I=2 + states at 7.75 MeV-one has isospin T =0 and the other T =2. Likewise we find some hard to understand selection rules for the J max T =0 interaction. In Table XVI we  find for 46 Ti, from the lowest 0 + state there are vanishing B(M1)'s to one T =1 state and two T =2 states. As in the case with Q.Q this is hard to understand.
Sums of Sums
Note that the sum of sums, i.e. sum of all B(M1)'s from all 1 + states to all 0 + states, is independent of the interaction-same for pairing as for Q.Q This is easy to show, utilizing the fact that the D's form a complete set and the wave functions are normalized to unity.
This leads to the following expression for the sum of sums. To better understand this we now consider simple interactions which are mixtures of J=0 pairing and J max pairing:
We present the B(M1) for selected values of (a, b), Table XXIV 
Additional Comments
We note that the B(M1) from the lowest 1 + to the lowest 0 + (generally considered the scissors mode transition) is considerably smaller than the transition from this 1 + to all 0 + states. For example with MBZE (the most realistic interaction here) the respective numbers are 1.6533 and 3.6136. The respective numbers from 1 + to 2 + are 1.0252 and 6.6738. Table XIV that along the diagonal of the one to one "transitions" in 44 Ti the values of "B(M1)" are all the same. Of course they are not real transitions, but they can be related to the magnetic moments. Note that for N=Z nuclei in the single j approximation the magnetic g factor is independent of the details of the wave function. As seen in the appendix of [18] the value is g = g p + g n 2 = 0.55 (11) This explains why all the diagonal "B(M1)'s" are the same in 44 Ti. This is not the case in 46 Ti. The off diagonal zeros in Table XV are due to the fact, as mentioned in [18] that in N=Z nuclei transitions from T to the same T (in this case T=1) are forbidden.
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